ABSTRACT This paper identifies the market changes following the technological switch from 3G to 4G in the Indonesian market. The primary data were obtained by conducting a market survey in April-May 2017. A set of questionnaires was developed to compare subscribers' activities between 3G and 4G service utilization in terms of two activity clusters. The first cluster consists of 14 conventional activities, representing typical activities that have been occurring since the previous implementation of mobile technology. The second cluster consists of 11 digital ecosystem activities, referring to services that also engage other technological systems through data communications. Subsequently, the strategic implications for mobile network operators were investigated from the theoretical perspective of technological evolution. The results indicate that mobile network operators should adaptively respond by making messenger applications the core of new service innovations. Significant traffic intensification is also observed with regard to conventional activities, and there is a need for market education along with digital ecosystem establishment. The findings also imply a changing paradigm in terms of how users value service experience when accessing 4G applications. The overall experience is determined by interdependent components shaping an ecosystem perspective. The user's handheld mobile device acts as the central gateway for data communications, and its performance is assessed in relation to other connected devices and applications.
I. INTRODUCTION
Motivated by the earlier works of Schumpeter [1] - [3] , technological innovation has been regarded as a stimulus for economic growth, leading to a new configuration of the economic system. Because humans are part of the system, the theory further implies that any progressive advancement of a technology will exhibit significant mutual interactions with users of that technology, the so-called market. Such a relationship between technology and the market is characterized by a co-evolution mechanism, in which the technology will change along with the market [4] . Furthermore, this co-evolution is typified by an adaptive mechanism, allowing one to predict that continuous change will occur along with some kind of adaptation [5] .
In the case of the telecommunications industry, an earlier work [6] has argued that mobile wireless and the Internet have taken on an essential role in the new telecommunications era, exhibiting continuous change and co-evolution with various factors in the market system. So then, why is it so significant to identify changes in market behavior? The answer goes back to the interests of mobile network operators. Operators are the business entities who need to continuously maintain the market. As a business unit, they need to ensure that any technological enrollment will bring continuous profit, competitiveness and sustainable growth. Therefore, their strategy should be updated continuously along with the response of the market itself. To structure such a strategy, one important factor is to know the details of how the market is changing and to identify the implications thereof.
From an evolutionary perspective, the latest mobile technological changes, from 3G to 4G, have started to occur in the decade of the 2010s. For the country of Indonesia, this shift began in 2015 with the commercial launch of 4G-LTE service.
The current work has two objectives, i.e., to identify the changing behavior of the market with the switch from 3G to 4G and to investigate the strategic implications of these changes for mobile network operators. We focus on the case of the Indonesian market, which is served by 6 mobile network operators. Since the year 2015, the deployment of the Indonesian 4G-LTE network throughout the national market has been underway. Thus, the market is in an early phase of change, in which Indonesian mobile network operators should be concerned with identifying and meeting any market challenges that may appear.
The main contribution of our work consists of findings from the real Indonesian market, obtained from primary data collected as part of the latest market survey in April-May 2017. In addition, we present an analysis of strategic implications from the theoretical perspective of technological evolution. It is also argued that studies regarding the country investigated here are essential. As the 4th largest market in the world, Indonesia has a potential subscribers of more than 250 million, 70% of whom prefer to access the Internet through handheld mobile devices [7] . Therefore, it is important to study any relevant behavior of mobile subscribers, as they may have a significant impact on the national market.
The remainder of the paper is organized into sections addressing the Methods (Section II), Results and Discussion (Section III) and Conclusions (Section IV) of this study.
II. METHODS
In general, the behaviors of any technology users can be identified either by investigating related technical aspects (quantitative approach) or by assessing human-subjective indicators (qualitative approach). An example of the quantitative approach is the work presented in [8] , which investigated traffic activity from a network perspective to understand user behavior in online social networks. Consistent with the quantitative approach, another work reported in [9] has proposed a technical method for automatically recognizing the behavior profiles of computer users.
In our work, we utilize the qualitative method by conducting a statistical assessment of users' behavior over a sample of the Indonesian market population. We identify changes in behavior by comparing subscribers' activities between periods of 3G and 4G service utilization. For certain activities, we wish to know how the corresponding behavior changes after users subscribe to 4G. There are 3 qualitative possibilities: service subscription may become more frequent or less frequent, or the situation may be neutral (no change). For example, we are interested in the change in activity related to traditional voice calls (circuit-switched network), which is a type of activity that has existed since the 2G and 3G eras. To this end, we wish to identify whether, in the current 4G era, subscribers make such phone calls either more frequently or less frequently or whether this activity shows no change. The qualitative answer given by the majority is taken as the final result.
We developed questionnaire items related to 2 activity clusters. The first cluster consists of conventional activities, representing typical mobile activities that have been occurring since the previous mobile technology implementation. These include traditional voice calls, SMS and MMS. They also include activities such as browsing, chatting, video streaming and public-facility-related services. The second cluster consists of activities that involve a digital ecosystem, referring to services that also engage with other systems on the basis of data communications. When participating in such activities, subscribers are connected to several other devices generating advanced information and services. Examples of such activities include navigation-related applications involving other vehicles and e-commerce services involving various merchants.
Based on these two main activity clusters, 25 features of user activities were derived. Table 1 lists some detailed examples of questionnaire items, whereas Table 2 lists all activities investigated and the survey results. To obtain primary data, we conducted a survey of the Indonesian market as represented by 4G subscribers in the city of Jakarta. As the capital city of the country, Jakarta is the primary area of 4G service enrollment. The respondents are spread over 5 districts of Jakarta, as shown in Fig.1 . Data were collected from number of respondents chosen through random sampling. By using Slovin's formula, the samples result in a margin of error of 5%. The survey was conducted in the weeks of April and May 2017.
Consistent with our previous research [11] , it is argued that this sample of respondents in Jakarta can be regarded as representative of the Indonesian market. Although the population is only 12 million (including commuter), this city tends to represent (or lead) the general trend in terms of national market behavior as well as customer heterogeneity [11] . Some of the facts that support this argument are as follows: 1) Jakarta is the center for life styles and modern trends that are subsequently adopted by other provinces in Indonesia. 2) Typically, national operators launch their latest services, including 4G, in Jakarta first, followed by penetration into other service areas. 3) All mobile network operators treat mobile subscribers in Jakarta as their main revenue sources, considering both their dynamic and routine activities. 4) Despite the heterogeneity of the country's demographic profile, approximately 66% of the population in Jakarta is Javanese. This proportion is similar to the overall population distribution in Indonesia. 5) Approximately 60% of the Indonesian money supply is located in Jakarta, with 30% in other cities and 10% in rural areas. Here, the term money supply refers to the amount of money available in an economy. The profile of our sample of respondents matches relatively well with the general Indonesian demographic profile [10] . The evidence is also consistent with our previous research [11] :
1) Approximately 69% of the respondents are in the age group of 15-25 years old, which means that they will be in the age group of 20-30 years old within five years' time. This is proportional to the overall trend of Indonesian demographic data, in which the age group of 15-64 years old always represents approximately 65% to 70% of the population. 2) The sample consists of 51.42% male respondents. The actual Indonesian population is about 51% male. 3) Of the respondents in the sample, 61.37% are students, which means that they will become part of the Indonesian labor force in the coming years. This is consistent with the fact that the Indonesian labor force tends to make up approximately 50% to 60% of the population.
4) Of the respondents in the sample, 56.8% have a purchasing power of less than 150 USD per month. By comparison, national economic data indicate that 50.2% of the Indonesian population has a purchasing power of between 60 USD and 180 USD per month. Here, the term purchasing power refers to the amount of money a person is able to spend for daily or monthly expenditures. A final concern is the main criteria used to select survey respondents. Each respondent must have previously been subscribed to the 3G network and must currently be subscribed to the 4G network. In addition, the respondents must be 4G subscribers who utilize mobile phone. In some countries, including Indonesia, there are two types of 4G markets, i.e., mobile phone subscribers and fixed-device users. The latter include 4G subscriptions from laptops and Wi-Fi modems.
III. RESULTS AND DISCUSSION
The analyses are driven by understanding the linkage between findings on market behavior and their strategic implications for mobile network operators. We attempt to gain such an understanding through technological evolutionary theory. The term ''evolution'' refers to ''directional progression'' in a positive direction due to the 'pure objectivity' presupposed in the world of nature [12] . Survival of the fittest is also a phrase that is used to describe the logic of the positive development of a technological system. The process of evolution involves processes of imperfect (mistake-ridden) learning and discovery on the one hand and a selection mechanism on the other hand [13] .
In analogy with concepts of biological evolution, mobile network operators have exhibited a process of learning and adapting to changing market behavior. This theory also emphasizes the importance of interaction between the operators and the market to stimulate the growth of profit. However, the environment is characterized by uncertainty, struggle, and sometimes turbulence.
In our case, operators should learn and adapt to the changing behaviors of the 4G market. This evolution is achieved through strategic responses, which should be executed immediately in order to survive. The first step is to identify how the environment has changed, whereas the second step is to identify the strategic challenges faced by mobile operators. Hence, operators' strategies should be adaptive and should be modified in response to changing market behavior.
A. FINDINGS FROM THE INDONESIAN MARKET
Our survey revealed that 86% of the respondents had already been 4G subscribers for more than 3 months. This percentage may justify the assumption that all of the respondents' activities over the previous 3 months ago could be considered to be consistent and representative, rather than temporary behavior. We also found that 73% of the respondents said that most of their activities when accessing 4G services are conducted while they are at home, 52% of the respondents access these services while they are at school or the office, 42% of the respondents access these services while they are in public places, and 23% of the respondents access these services while they are in vehicles. Table 2 lists the results of the survey and the corresponding percentages (taken as the maximum values). The majority values in the table are highlighted. For values separated by a difference of less than the margin of error (5%), we consider both answers to be similarly prevalent responses.
The findings clearly indicate a changing market in which the conventional activities related to SMS utilization have become less frequent with the adoption of 4G (49%). This is accompanied by a significant increase in the popularity of messenger applications (such as WhatsApp and LINE) as the main platform for text communications (81.5%). Because 4G provides faster data rates and higher bandwidths, subscribers are also more commonly utilizing messenger apps for making voice calls, represented by a 72.7 % majority of the respondents. Meanwhile, the usage of traditional voice calls is perceived to be similar (46%) or even less frequent (40%).
The findings also indicate that 4G has boosted activities related to uploading and downloading files, browsing the Internet, accessing email, sending and receiving files through messenger apps, accessing social media and watching streaming videos. These behaviors are consistent with the nature of 4G technology, which facilitates faster and more reliable data connections. The respondents acknowledged that those activities were already available when they were subscribed to the 3G network but stated that they are now participating in them more frequently.
An interesting observation is that 4G has not significantly impacted participation in online games or the utilization of e-government applications. The majority of the respondents reported no change in their behavior compared with their previous 3G subscription.
The findings also reveal that with the advent of 4G, subscribers are becoming more active in installing various applications provided through Google Play and the iStore (56.4%) and also in updating them (53.6%). By contrast, most of the respondents said that they are less (or equally) frequently accessing health-related applications and connecting their handheld devices to other supporting devices. This phenomenon implies that the current market shows a tendency toward the utilization of stand-alone applications. Activities related to accessing security-related contents are becoming even less frequent (60%). Internet-ofThings (IoT) applications involving other devices, which are more complex activities, are not yet being utilized.
The behavior related to mobile banking access is perceived to have shown no change with respect to user activities on 3G subscriptions. We can draw a parallel here with access to e-commerce applications, which has not significantly increased (42.9% said they use these applications more frequently, whereas 36.5% reported no change).
More than half of the market is showing increasing frequencies of the popular activities of taking pictures (such as selfies) and tethering (using a handheld device as a Wi-Fi modem for a personal hotspot). We can relate these observations to the functions of handheld devices, which are becoming more sophisticated. The improvement of the network from 3G to 4G is proportional to the significant technical advancement of handheld devices.
Navigation-based applications such as Google Maps are extensively utilized, together with online transportation applications such as Gojek, Grab and Uber. More than half of the respondents reported increasing frequencies of these activities. However, the respondents' frequency of accessing applications that provide information on public facilities (such as train information) is not very significantly increased.
B. STRATEGIC CHALLENGES FOR MOBILE NETWORK OPERATORS
First, the findings emphasize a shift from traditional calls and SMS messages to multiple modes of utilization of messenger application services. This perspective leads to the new understanding that the market values the convenience of messenger services more than their technical quality. From the technical perspective, such messenger services offer ''best effort'' communication, meaning that there is no guarantee of voice quality or information delivery. Hence, 4G users are not strongly concerned with these technical implications. For the majority of 4G users, the importance is placed on the experience, as messenger application services are considered to be easy, simple and cheap.
Consequently, the greatest challenge for network operators is how to monetize this situation. For operators, this could signal greater difficulty in gaining revenue. A decade ago, SMS messages and voice calls were still the main source of revenue for operators. It is commonly expected that in the era of OTT (over-the-top) content, mobile network operators will suffer, while content developers enjoy the most benefit. Therefore, operators should adopt a new strategy in which messenger apps will serve as the core of new service innovations.
Second, there is a trend of traffic intensification involving Internet-related activities, including downloading, uploading and watching streaming video. In Indonesia, the problem arises that most traffic is directed abroad, but there is a limitation on international bandwidth. This situation indicates a clear need for awareness.
Third, an ecosystem needs to be built together with market education. Our findings indicate that the market has shown limited growth in access to applications that involve connecting to other devices, particularly IoT services. This is a contradictory situation, with many pundits arguing that IoT technology is just beginning to grow. The message is that the market needs to be educated to raise awareness of IoT opportunities. It can also be inferred that the Indonesian market is not yet familiar with connected devices other than handheld devices themselves.
However, this situation actually presents an opportunity for network operators to immediately introduce this technology, push its adoption and drive the market. This opportunity encapsulates the ''technology-push'' phenomenon [14] , providing a strong chance for alignment between product and market as the target of IoT influence. As supported by our previous study [11] , the Indonesian market is very eager to adopt any new service. This characteristic has motivated Indonesian operators to value their subscribers more personally and facilitated their attempts to eventually build market loyalty.
C. NEW MARKETS COME IN UNEXPECTED WAYS
The market is expected to grow, but sometimes this occurs in an unexpected way. Our findings show that members of the Indonesian market have a tendency to use their handheld devices as Wi-Fi modems but continue to ignore healthrelated applications. Therefore, our third strategic challenge concerns the ecosystem of service innovation.
A common global trend has suggested a new service paradigm in which the services in which users are enrolled treat handheld devices not merely as individual terminals but rather as users' gateways to a broader ecosystem, connected with other complex sub-systems, thereby leading to the realization of new service innovations. Online transportation services such as Uber are the best example of this ecosystem of service innovation. Such services use 4G technology as their network enabler, navigation-based services such as Google Maps, connected cars, users as drivers and mobile payment applications.
Service innovation has played a significant role in mobile technology since the advent of the 3G platform, which began to enable multi-service creation. In service innovation, a firm will place strategic emphasis on business case development, whereas new service development will be the firm's focus during the implementation of such innovative projects [15] . However, in the framework of an ecosystem, such service innovation becomes highly complex. Newly emerging services will not always be widely accepted in a competitive market. Successful service innovation requires a complex value proposition that combines various sub-systems involving other devices and additional services. This is, in fact, the ultimate challenge, since in the era of 4G, there is expected to be growing interest in interconnected devices and miscellaneous additional systems. A more popular term for such a system is an IoT system, and such systems will certainly create new market value; consequently, the 4G era and its continuation is certain to lead to a new market of non-human subscribers.
D. A CHANGING PARADIGM OF SERVICE EXPERIENCE
The observed changes in behavior also imply a changing paradigm with regard to how 4G subscribers value service experience. Because this study focused on subjective matters, the findings indicate which activities appear more valuable to users. The user experience is no longer a concern for single service applications or for single devices; instead, it is focused on the structure of a service ecosystem. For instance, when a user accesses an online taxi service (e.g., Uber), the user will value the service experience only if all of the multiple aspects of the system are running well simultaneously, i.e., the handheld device as the hardware, the 4G network as the connectivity platform, the driver of the car as the taxi service provider, and the navigation application and other applications that enable overall operation. This shifting paradigm of service experience is visualized in Fig. 2 . The figure shows that in the previous paradigm, users typically value their experiences in terms of subjective appreciation from a singular perspective. This means that each service is evaluated individually. The experience of voice is different from the users' experience in accessing text (SMS) and video/pictures. The same applies to the Internet, regarding which users value data simply in terms of Internet communications. Value is assessed based on factors such as the data rate and the stability of the signal when downloading files. One example of such a quality-of-experience measurement is an assessment conducted by OFCOM regarding users' experiences on 3G and 4G networks. The findings show that the market was most greatly concerned with the availability and clarity of voice calls [16] , [17] .
Our findings indicate that the perspective on service experience is changing, to a paradigm in which experience is perceived in a more integrated way. The utilization of messenger applications for multipurpose communications (voice, text, file transfer, and video calls) signifies the importance of providing such communications through a single integrated platform. Data communication concerns are now related to other connected devices, thereby shaping an integrated ecosystem.
Overall, a user's handheld mobile device is the most significant component of the experience as a whole, as the functions of such devices have expanded beyond simple communications. Multi-dimensional activities are now enabled by the advancement of the technological hardware. Finally, several non-technology-related factors also contribute to the new paradigm. These factors are market-related issues, in particular, market education regarding a given technology. Global trends are mandating that the adoption of IoT technology is a must, but our findings indicate that the market is not yet familiar with this technology. To boost IoT utilization, market awareness and a supportive environment should be facilitated by means of an ecosystem of service innovation.
E. CONCERNING 5G MOBILE TECHNOLOGY
Although the findings of this study were obtained on the basis of 4G-related technology, the conclusions regarding the changing service experience paradigm can be also applied to subsequent technological platforms. Following the nature of evolution, 4G will undergo technological advancement to eventually be replaced with 5G in the near future. Under optimistic conditions, the commercial enrollment of 5G could begin sometime between 2020 and 2025. An understanding of such a changing paradigm, in particular about service ecosystem, will be beneficial for meeting the strategic challenges that will arise in that era.
There will be 5G service type scenarios, i.e. enhanced mobile broadband, massive machine type communications and ultra-reliable and low latency communications. A crucial consequence is that 5G applications would not rely on a mere high data speed platform. They requires a support from a specific ecosystem, involving sophisticated products and services. For example, 5G is believed to facilitate a service ecosystem of smart cities and connected cars. A minimum requirement to establish this ecosystem is that a cooperation between smart car manufacturer (as the hardware provider), cloud providers (as the platform provider), and mobile network operators (as the service provider). Hence, the success of 5G will be determined by the successful establishment of its ecosystem. An important lesson is that mobile network operators should make early strategic plans, to ensure a continuous success of mobile technology implementation from the current 4G to upcoming 5G.
IV. CONCLUSIONS
We have identified the market changes that occurred after the technological switch from 3G to 4G in the Indonesian market. The primary data were obtained by conducting a survey in April-May 2017. The strategic implications for network operators were investigated from the theoretical perspective of technological evolution. The results indicate that operators should adaptively respond by making messenger applications VOLUME 5, 2017 the core of new service innovations. Significant traffic intensification is also observed with regard to conventional activities, and there is a need for market education along with digital ecosystem establishment. The findings also imply a changing paradigm in terms of how users value service experience. In the previous paradigm, users typically assign value to the service experience based on subjective appreciation from a singular perspective. Under that paradigm, each individual service for voice, text, image and data communication is evaluated separately. In the newly emerging paradigm, the market appreciates services from a more integrated perspective, meaning that the overall experience is determined by all of the interdependent components that shape the ecosystem perspective. The user's handheld mobile device acts as the central gateway for data communications, and its performance is assessed in relation to other connected devices and applications.
